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After having almost completely vanished from The Netherlands by the 19th century, from the 1970s onwards the Great Egret is increasing in numbers again, particularly in the newly created wetland of Oostvaardersplassen. During the first 25 years, the rate of re-colonisation has been extremely low, the resident population never exceeding five breeding pairs. From 2000 onwards, however, following the extension of the surface area of shallow marshland, the number of breeding birds increased to 45 pairs. This paper deals with the feeding ecology of the Great Egret during 1976-99, when numbers were at a low level. Individual differences in food choice and feeding habits were studied in order to gain insight into the key factors for establishing and maintaining a healthy population. Observations on foraging birds were carried out during 1987-92. The birds foraged mostly within the reserve. From March to July they preferred foraging in ditches, changing to Reed borders of shallow pools and dry grasslands from August onwards. In the ditches, Three-spined Stickleback Gasterosteus aculeatus, other small fishes and tadpoles were the main prey (91.4% of all prey items). In the shallow water bodies the egrets caught almost exclusively sticklebacks, and in grasslands Common Voles Microtus arvalis. One bird was observed feeding near fishing boats, taking Perch Perca fluviatilis and Roach Rutilus rutilus of 10-20 cm length. When feeding on sticklebacks, a Great Egret had to forage for 1.5 to 3 hours to fulfil its daily needs. When scavenging on larger fish around fishing boats only 15 minutes sufficed, but the energy expenditure was likely to be higher due to commuting flights and interspecific competition with Grey Herons Ardea cinerea. However, for the majority of Great Egrets the shallow and transparent water in ditches and pools with a high abundance of young sticklebacks and some coverage with emergent vegetations proved to be the most profitable feeding habitat. The decisive factor underlying the spectacular increase in recent years has probably been the creation of clear and shallow freshwater pools and inundated grasslands in the formerly dry border zone of Oostvaardersplassen. These foraging grounds lie close to undisturbed breeding sites. This finding may prove useful for wetland restoration elsewhere in The Netherlands.
limited. Until recently, the most north-western breeding place in Europe was the Neusiedlersee in Austria (Dick et al. 1994) . During the early 1990s new breeding grounds have been colonised in Italy, France and Spain (van der Kooij & Voslamber 1997) .
In The Netherlands the species may have bred in the Middle Ages (Brouwer 1954) . During the 19th century, however, it was only recorded occasionally. Apparently, the Great Egret had vanished from the Dutch freshwater wetlands in much the same way as other formerly abundant large marshland bird species that depend on large-scale breeding and feeding areas (e.g. Dalmatian Pelican Pelecanus crispus, Black-crowned Night Heron Nycticorax nycticorax, Squacco Heron Ardeola ralloides and Little Egret Egretta garzetta; Brouwer 1954 , van Eerden et al. 2010 . Until the early 1970s, the Great Egret was still considered a rare vagrant in The Netherlands. From 1975 onwards, the species has been observed annually -in later years also as a breeding bird -with increasing frequency and in increasing numbers in the nature reserve Oostvaardersplassen, a newly created wetland of some 5600 ha (Vera 1988) .
In order to gain insight into the factors that may have been responsible for this development, this paper will highlight observations on the feeding ecology of the small population of the Great Egret in Oostvaardersplassen during the early years of settlement. Special attention was paid to individual differences in prey choice, feeding techniques and selection of feeding habitats, and to the consequences of these differences for the individual birds' energy budget and reproductive behaviour. The relationship between induced water level fluctuations, as a feature of natural dynamics related to larger wetland areas, and foraging and breeding success will also be discussed.
STUDY AREA
The nature reserve of Oostvaardersplassen consists of a freshwater marsh of 3600 ha and a well-drained border zone of 2000 ha (Fig. 1) . The area is situated along the borders of lake Markermeer in the polder Zuidelijk Flevoland which was reclaimed in 1968. The marsh is characterised by large Reed Phragmites australis beds, interspersed with turbid water bodies with a depth of 40 cm on average. The water level of the marsh can be regulated artificially and was kept high in spring in order to create predator-free conditions for groundbreeding birds like Eurasian Spoonbill Platalea leucorodia and Greylag Goose Anser anser, and also for the thousands of moulting, and thus flightless, Greylag Geese in May and June. From early July onwards the water level was artificially lowered to 30 cm or less to attract waders. The soil consists of clay with marine deposits.
From 1987 until 1991, the western part of the marsh had been artificially desiccated in order to allow the Reed vegetation to recover from erosion and heavy grazing of up to 60,000 moulting Greylag Geese (Loonen et al. 1991 , Dubbeldam & Zijlstra 1996 . This draw down resulted in an increase of shallow and clear freshwater habitats and inundated Reed beds of about 600 ha with respect to the preceding years ( Fig. 1) . From 1991 onwards, water levels have started to rise again in this part of the marsh (Beemster 1997) . In the eastern part, the water level regime has experienced little change since 1987. Turbidity of the water within the marsh changes in accordance with droughts and excessive rainfall.
During the years of the field study , the well-drained border zone south of the marsh consisted of grassland, well-drained reed land, Elder Sambucus nigra, willow bushes Salix spp. and Lucern Medicago sativa parcels (Fig. 1) . In spring 1997, many shallow pools and ditches were excavated, generally holding clear water with little vegetation. Part of the grassland area was inundated with clear water during winter and spring in order to create favourable feeding conditions for waterbirds in spring. During 1987-92, the western part of the border zone (c. 650 ha) was grazed by Heck cattle Bos taurus (0.1-0.3 animals/ha) and Konik horses Equus verus (0.1-0.15 animals/ha) all year round. The eastern part (c. 1250 ha) was grazed by domestic cattle and horses (0.8-2.1 and 0.3-0.5 animals/ha respectively) from 1 May till 1 November (Cornelissen & Vulink 1996) . By the year 1999, the redesign of the border zone, meant to increase the surface area of wetland suitable for foraging wetland birds, had been completed. Nowadays, the entire border zone is heavily grazed by Heck cattle and Konik horses, with average densities of 0.3-0.5 animals/ha, and with high (1.0 animals/ha) and still increasing numbers of Red Deer Cervus elaphus (Vulink 2001 , Bijlsma 2008 .
The field study on Great Egrets was mainly carried out in an experimental area in the border zone with a surface area of about 50 ha (including surrounding grasslands), called 'Waterlanden'. Here, ditches and pools with varying slopes and water depth had been excavated in three sub-areas with separate water level control. The water was clear for most of the time. Due to grazing and water level control the vegetation was short in some parts of the area, while other parts were ARDEA 98(3), 2010 overgrown with Reed (Voslamber 1996) . Within the experimental area, Great Egrets were seen feeding on fish and other aquatic prey in the ditches, as well as on Common Voles Microtus arvalis in the surrounding grasslands. Additional information on food was gathered in an inundated grassland in Oostvaardersplassen and along the borders of nearby Lake Markermeer.
METHODS
Since 1984, Great Egrets in Oostvaardersplassen have been counted once a month during aerial surveys. Before 1984, and later on also in the vicinity, the birds were counted mainly from dikes and roads. The estimates of breeding bird numbers were based on aerial surveys in April and May. Great Egrets were spotted from an altitude of 200-300 m. Besides recording nests, foraging egrets were counted in sub-areas in order to study habitat choice.
Most of the research on feeding ecology was carried out during 1987-92. In 'Waterlanden', observations were made from three observation towers. From each one of these towers the entire area could be checked for birds with binoculars and telescopes (20-60 ×). During March to August 1987-91, for 1-4 days a week, an observer used the hides for 4-14 hours per observation day. Observations were carried out from one hour before sunrise till early in the afternoon. In September to February, the area was checked for birds at least once a week. In most cases it was possible to follow individual Great Egrets for longer periods when within a distance of up to 500 m. Prey species could be identified because the birds held the prey in the tip of their bill before swallowing. Prey size was estimated by comparing it with the length of the birds' bill (c. 12 cm; Cramp & Simmons 1977) . It was assumed that prey samples taken from the same site and measured directly represented the complete spectrum of prey available to the birds, because the samples were taken in the same water layer as where the egrets were feeding in. Numbers of prey items were counted per minute foraging. Switches in behaviour (foraging, resting/preening, flying) were also noted. Additionally, in 1992 similar observation sessions have been carried out on Great Egrets feeding within the marshland zone of Oostvaardersplassen (Fig. 1) . In this area, the birds were often feeding too far away from the observers, resulting in fewer observations.
We sampled fish and aquatic invertebrates with a scrape-net. Sampling took place once or twice a month over the period April-October (1987-91) , during the night and only in the shallow parts of the ditches. The polyethylene net with a mesh width of 2 mm is attached to a metal frame of 50 by 100 cm at the end of a long stick. The net was pulled from the edges of the ditches through the water body with a quick pull. The effectively sampled surface area was shown to be about 1 m 2 and up to 40 cm deep. Sampling took place during the night and only in the shallow parts of the ditches. Length-mass correlations for fishes and tadpoles could be made from sub-samples (Appendix 1). Caloric values (by use of a calorimeter) of most prey species were determined from individuals sampled in the experimental area. Those for Common Vole were taken from literature (Masman et al. 1986) .
Along the borders of Lake Markermeer birds were observed while feeding on fish discards from fishing boats. Discards were taken by various gull species Larus spp., but also by Grey Herons Ardea cinerea and Great Egrets. Individual birds were located and observed for as long as possible during feeding. Number, size and species of prey were registered per minute.
RESULTS

Numbers
The first Great Egret in Oostvaardersplassen was seen in 1972. Since 1976 one or more birds have been present in the area for longer periods every year. In 1978, for the first time in the Netherlands in at least 300 years, a single breeding pair was recorded here (Poorter 1980) . Up till the late 1990s, the number of breeding pairs did not exceed five pairs in any year ( Fig. 2 ; van der Kooij & Voslamber 1997) . Following the creation of freshwater pools and ditches in the formerly dry border zone, the number of breeding birds started to increase from 2000 onwards, until reaching a provisional maximum of 143 pairs in 2006 (Fig. 2) . Numbers in the Oostvaardersplassen dropped steeply to 43 pairs in the following year when drought and dike leakage caused widespread desiccation of feeding grounds. The breeding population recovered in subsequent years (Bijlsma 2008 , van Dijk et al. 2010 to reach a new high at 154 pairs in 2010.
During the early years of settlement (between 1977 and 1996) , the birds bred successfully on several occasions (4 young in 1978, 1-2 young in 1981, and in 1985 at least 1 young, in all instances from one nest; van der Kooij & Voslamber 1997). All pairs bred in colonies of Eurasian Spoonbill or Grey Heron in the large reed beds in the marsh. In other years breeding was suspected, but the pairs were probably not successful (Zijlstra 1994 , van der Kooij & Voslamber 1997 ). In 1981 and maybe in 1982 , 1983 and 1987 
Feeding habitat
The main feeding patches were situated inside the nature reserve, both in marshland area and in grassland. The egrets showed a distinct preference for water bodies with clear water. In 1987 to 1990 the most important site was the experimental area 'Waterlanden' (Table 1) , where from March to July feeding was largely confined to the ditches. In August about half of the feeding time was spent in shallow pools, the other half in dry grassland (Table 2) . When in 1991 the water level in the western part of the marsh was raised, a large feeding area became available and the birds switched feeding location accordingly (Table 1) .
Since the late 1990s, the newly created pools and inundated areas offered additional feeding opportunities, which were readily taken by the egrets. From less than 1 ha in 1988, this habitat increased in size to 23 ha in 1996 and 297 ha in 2000. Likewise, the surface area of inundated grassland increased from 23 ha in 1988, 67 ha in 1996 to 113 ha in 2000. Due to the simultaneously increasing grazing pressure by large herbivores, the grasslands became more and more open, with fewer and smaller patches of rough herbage in spring (March-May), for instance resulting in a decline in numbers of Common Vole (Bijlsma 2008) .
The presence of shallow clear water is of increasing importance to the egrets, especially in the first part of the breeding period (van Eerden & Zijlstra, unpubl. obs.). The importance of the marsh as a feeding area, although declining in relative terms (Table 1) , is still evident throughout the year, but especially during summer and early autumn.
Food choice
In the experimental area 'Waterlanden' Great Egrets were mainly foraging along the edges of ditches, where they used the 'walk slowly' method (Voisin 1991) . Three-spined Stickleback Gasterosteus aculeatus and other small fishes of 2-10 cm and tadpoles of 2-9 cm were the main prey (91.4% of all prey items; Table 3 ). Marsh Frogs Rana ridibunda were caught as adults (0.8%) or as tadpoles of up to 9 cm (5.7%). Insects and their larvae were taken throughout the season, but only in low numbers (1.6%). Within the marshland zone Great Egrets were mainly foraging along the borders of large reed beds. The birds were rarely observed in the centre of the larger shallow water bodies. As in the 'Waterlanden' they were hunting by the 'walk slowly' method, almost exclusively focused on sticklebacks (mainly Three-spined) with an occasional insect (less than 1% of all food items). Common Voles were taken in the grassland areas by the 'stand-and-wait' method (Voisin 1991) , involving small numbers only (0.6% of food items).
From March to May, birds in 'Waterlanden' were almost exclusively feeding on fish (Fig. 3) . Later on, the proportion of frogs and tadpoles in the diet increased, while in August Common Vole was the most important prey species. Vole feeding occurred less often after 1992.
At least one bird was often seen feeding near fishing boats along the borders of Lake Markermeer. This was mostly observed in July, never during the breeding period and not in 1991. The bird took dead and dying fishes from the water surface by landing on the surface and prey were swallowed while flying. In this way several fishes were taken in a single flight. Species taken in this way were Perch Perca fluviatilis and Roach Rutilus rutilus of 10-20 cm length. Following vessels occurred less often after 1992 (Table 1) .
Intake rate
Intake rate of the egrets showed considerable variation, depending on the type of prey species (Table 4 ). The number of prey, as well as the mass caught per minute, was almost similar for stickleback and tadpoles. The intake rate in the experimental area 'Waterlanden' was half of that in water bodies in the marshland (sticklebacks, Table 4 ). Frogs and voles were caught in smaller numbers per minute, but because of their higher dry mass the intake rate in kJ per minute was much higher than for sticklebacks or tadpoles (Table 4 ). The bird feeding on fish discards was able to take some relatively large fishes in a very short time, resulting in a high energy intake rate (Table 4) . This bird was often seen resting along the dike or in the marsh for quite extensive periods, interspersed with short feeding bouts when small prey items like water bugs Sigara sp. with a length of approximately 5 mm were taken.
DISCUSSION
Great Egret numbers in Oostvaardersplassen remained at a low level for 25 years. The 'Great Leap Forward' coincided with the creation of shallow foraging grounds in the border zone of Oostvaardersplassen, within short range of the breeding sites in the marsh. Our study on food and feeding habits of this newly settled population indicates that access to nearby foraging grounds may have been the trigger to the marked increase in breeding pairs since the early 2000s. Large differences in intake rate, related to prey choice, feeding technique and habitat choice, had a large impact on the daily feeding rhythm of individual birds. The daily needs of an egret were calculated on the basis of its basal metabolic rate (BMR), here expressed as BMR = 307.6 BW 0.734 (Aschoff & Pohl 1970) , an assimilation efficiency of 0.8 for piscivorous birds (Castro et al. 1988) and an average body mass of 1250 gram (based on data in Bauer & Glutz von Blotzheim 1966), i.e. at 3 BMR = 1358.8 kJ. This estimate indicates that, when feeding on stickleback in 'Waterlanden', a Great Egret had to forage for about 3 hours a day to meet its energetic requirements (Table 5) . While feeding on the same prey species in the marshland zone of Oostvaardersplassen, after inundation of the marsh, the birds required only about 1.5 hour (Table 5) . A bird feeding on larger fish near fishing vessels was able to catch enough food in only 15 minutes time, although this fishing technique probably implies considerably higher energetic costs as flying is a factor 10 more costly than 'standing and waiting' or 'walking slowly' (Voisin 1991) . Moreover, competition with the larger Grey Herons made this foraging technique less attractive. It is possible that only specialised individuals were performing this technique, as in recent years it is hardly ever observed.
With progressing season, the birds spent an increasing proportion of their time on resting and preening, presumably coinciding with a shift in prey choice to larger-sized prey items. This increase in intake rate, as expressed in kJ per unit of foraging time, also enabled successful breeding. In 1987-92, successful breeding was only proved for 1991 when the birds visited the western part of the marsh more frequently than in the preceding years. With a water depth of 10-20 cm, this area turned out to have become a prime feeding areawith high numbers of young sticklebacks -after several years of drought. Together with high transparency of the water this provided optimal feeding conditions for foraging herons and egrets (Voslamber 1992) . Intake rates were well beyond those observed in the experimental area 'Waterlanden', and feeding bouts were consequently shorter. During 1991 and 1992, although the numbers of egrets were higher than in previous years, egrets rarely visited either 'Waterlanden' or the borders of Lake Markermeer, suggesting that feeding conditions in the marsh were better. Apparently, profitable food resources for Great Egrets during the breeding season had been in such short supply between 1987 and 1992 that raising chicks was near-impossible. Feeding opportunities proved to be best in shallow and clear waters, which were -at the time -scarce in the border zone and only occasionally available in the marshland zone. In the latter part, turbid conditions prevailed in most years due to a continuous suspension of clay particles from the sediment. After the re-inundation of the western part of the marshland zone in 1991, the next two years of clear water proved beneficial for feeding Great Egrets, allowing successful breeding in 1991. Afterwards, however, water turbidity increased again. In fact, it was not until the restructuring of the border zone, with a considerable increase of the surface area of shallow and clear water in 1997-99, that breeding numbers started to increase. The importance of these feeding grounds was further demonstrated in 2007, when the border zone became desiccated in early spring and breeding numbers dropped from 143 pairs in 2006 to 43 in 2007 (Fig. 2) .
Also elsewhere in Europe, the Great Egret has shown a significant increase since the early 1990s, as in Austria (700 pairs in the Neusiedler See, a doubling since the 1970s and 1980s, BirdLife Austria) and Italy (starting in 2000; Fasola et al. 2010) . The creation of a new marshland area of a sufficiently large scale and inaccessible to humans may have been one of the underlying factors for the return of the species in The Netherlands. Great Egrets are known to depend heavily on undisturbed, extensive marshland areas (Fig. 4) , providing roosting, breeding and feeding habitats within daily flying distance of one another (Hagemeijer & Blair 1997). The possibilities for a thriving new population in The Netherlands (in Oostvaardersplassen as well as elsewhere) are likely to be closely linked to ecological restoration of large-scale marshland areas and/or the upscaling of small patches of marshland. These larger units should ensure a sufficient degree of habitat differentiation to provide safe and undisturbed breeding grounds and productive feeding habitats, including extensive areas of shallow and clear water with emergent vegetation, throughout the season. The occurrence of additional feeding habitats, such as rough meadows where voles can be caught (Gerritsen & van Dijk 2008) , as well as large open waters where fish scavenging is possible, may further enhance the prospects for colonisation. In fact, the recent upsurge in non-breeding numbers, the spread of non-breeders across a wide range of habitats throughout The Netherlands, and its winter hardiness indicate that the Great Egret is a more resilient species than hitherto imagined (Klaassen 2009 
